Extraction of EMG signal in a software compatible format from an online database using WFDB package  by Bhardwaj, Neelkanth et al.
Perspectives in Science (2016) 8, 767—769
Available  online  at  www.sciencedirect.com
ScienceDirect
jo ur nal homepage: www.elsev ier .com/pisc
Extraction  of  EMG  signal  in  a  software
compatible  format  from  an  online  database
using  WFDB  package
Neelkanth  Bhardwaj,  Parul  Chopra,  Asha  Rani,
Shivangi  Agarwal ∗
Netaji  Subhas  Institute  of  Technology,  University  of  Delhi,  New  Delhi  110078,  India
Received 17  February  2016;  accepted  8  June  2016
Available  online  4  July  2016
KEYWORDS
EMG;
WFDB  (Waveform
Database)  Software
Package;
Cygwin;
PhysioBank
Summary  The  electromyography  (EMG)  is  an  electro  diagnostic  procedure  for  evaluating  the
electrical activity  of  skeletal  muscles.  It  is  very  difﬁcult  to  deduce  the  structure  and  activation
of surrounding  muscle  tissue  from  needle-detected  EMG  signals  and  thus  the  extraction  of
information  regarding  presence,  absence  or  severity  of  disease  is  not  possible.  The  muscle
morphology,  activation  and  similarity  with  measured  electromyographic  signal  features  can  be
explored  by  comparison  with  simulated  EMG  signal.  Evaluation  of  the  data  using  such  reference
model will  provide  better  understanding  of  the  properties  of  muscles  and  their  relationship  to
EMG signals.  As  the  difﬁculty  lies  in  the  non-availability  of  standard  EMG  signal,  the  present  work
thus focuses  on  MATLAB  implementation  of  needle  detected  EMG  model  introduced  by  Hamilton-
Wright and  Stashuk  in  2005.  The  ﬁrst  step  of  analysis  involves  conversion  of  raw  EMG  signal  from
.dat format  to  .txt/.mat  format  which  is  achieved  by  using  WFDB  (Waveform  Database)  Software
Package. In  this  research  work  standard  simulated  signals  available  in  S002  dataset  (Hamilton-
Wright and  Stashuk,  2005)  are  extracted  and  the  proposed  procedure  is  presented  in  a  detailed
manner.
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ntroduction
linical  electromyography  (EMG)  (Hamilton-Wright  and
tashuk,  2005)  is  the  recording  of  muscle’s  electrical  activ-
ty  detected  using  indwelling  needle  electrodes.  The  signal
ollected  by  the  detector  consists  of  MUAPs  (motor  unit
ction  potentials)  from  various  motor  units.  Electromyog-
aphy  is  widely  used  for  clinical  diagnosis.  It  also  acts  as
icle under the CC BY-NC-ND license (http://creativecommons.org/
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 research  tool  in  various  physiological  studies.  One  of  the
mportant  application  areas  is  rehabilitation  of  motor  dis-
bility.  The  main  problem  in  needle  detected  EMG  research
s  the  non-availability  of  suitable  reference  EMG  signals.
he  complications  are  due  to  the  ethical,  moral,  safety,
nd  practical  issues  regarding  the  use  and  extraction  of
tandard  human  signals.  Once  suitable  calculations  and  sys-
ems  for  EMG  signal  examination  are  promptly  accessible,
he  features  of  the  waveform  may  be  correctly  derived  and
ardware  based  developments  can  be  carried  out  for  differ-
nt  applications  using  EMG  waveform.  Therefore  simulated
MG  signal  is  developed  to  solve  the  problem.  The  ultimate
im  of  synthetic  or  simulated  EMG  signal  is  its  resemblance
o  the  original  signal.  This  requirement  forms  the  basis  for
he  development  of  synthetic  EMG  signal.  Many  researchers
ave  developed  techniques  to  simulate  the  needle
etected  EMG  signal  (Stashuk,  1993;  Duchêne  and  Hogrel,
000).
The  present  work  thus  focuses  on  MATLAB  implemen-
ation  of  needle  detected  EMG  model  introduced  by
amilton-Wright  and  Stashuk  in  2005.  The  paper  is  orga-
ized  in  several  sections  which  cover  the  brief  description  of
odel,  the  detailed  steps  of  MATLAB  implementation  using
FDB,  simulation  results,  and  conclusion.
amilton-Wright and Stashuk clinical EMG
odel
he  EMG  model  is  adopted  from  earlier  work  (Stashuk,  1993;
uchêne  and  Hogrel,  2000)  and  the  extended  model  allows
o  analyse  the  effects  of  various  diseases  on  recorded  EMG
ata.  The  implemented  model  is  quite  unique  because  of
he  fact  that  it  constitutes  the  following:
 Spatial  correlation  among  various  muscle  ﬁbres,  their
macro-level  muscle  morphology  and  the  MUs  they  con-
stitute.
 MUP  calculations  incorporating  cannula  detected  voltages
which  are  contributed  by  physiologically  aligned  and  acti-
vated  individual  muscle  ﬁbres.
 A  latest  technique  for  MU  exertion  completely  based  on
muscle  morphology.
 Variability  of  the  detected  MUPs  due  to  NMJ  transmission
delay  variability.
 Clinically  coherent  needle  placement.
FDB Software Package
he  WFDB  Software  Package  is  a  programming  bundle  cre-
ted  at  Physionet  (physionet,  in  press)  to  allow  a  powerful
tilization  of  PhysioBank  information.  It  consists  of  several
omponents  like  WFDB  library  plus  several  applications  for
ignal  processing  and  WAVE,  a  GUI  for  working  with  wave-
orm  data.  The  software  (except  WAVE)  once  constructed
ith  MinGW  utilizing  the  windows  API,  is  supported  natively
n  Windows  32  bit  platform.
Many  users  over  the  years  utilized  the  WFDB  library  plus
he  WFDB  tools  to  read  and  compose  information  in  the
hysioBank  format  from  MATLAB.  An  unsupported  version
f  WFDB  library  and  tools  which  can  run  natively  under
indows  was  built  by  Roberto  Sassi  (Sassi,  in  press).  TheN.  Bhardwaj  et  al.
FDB  tools  are  now  obsolete  and  a  different  approach  is
ecommended  for  the  same  goal,  i.e.  the  WFDB  Toolbox
or  MATLAB.  PhysioNet  Waveform  Database  (WFDB)  Tool-
ox  for  MATLAB  contains  functions  for  reading,  writing,  and
rocessing  biomedical  signals.
mplementation using WFDB
he  detailed  steps  involved  in  the  MATLAB  implementation
sing  WFDB  are  given  below.  The  conﬁguration  of  PC  used
s  Intel® CoreTM i3  CPU  M350@2.27GHz  with  4GB  RAM  and
ATLAB  8.5.0  (R2015a)  version  is  used.
STEP  1:  Download  and  install  Cygwin  (version  1.7  or  later)
Do  not  install  GCC  or  any  development  tool  chain
other  than  setup-x86.exe.  Cygwin  is  a  set  of  pow-
erful  tools  which  help  in  integration  of  Unix-based
applications  with  windows  platform.  In  order  to  use
WFDB  software  package,  some  packages  need  to  be
installed:
Curl  (Net,  Web),  cygutils-extra  (Utils),  diffutils  (Utils),
gcc  (Devel),  gcc-fortran  (Devel),  gv  (Graphics,  Text,  X11),
libX11-devel  (X11),  libcurl-devel  (Devel,  Net,  Web;  curl-
devel  in  Cygwin  1.5).  After  installation,  Cygwin  creates  a
root  directory  which  is  similar  to  that  of  a  standard  Unix
system,  with  subdirectories  bin,  etc.,  home,  lib,  tmp,  usr,
var  and  additional  directories  depending  on  the  optional
packages  selected.  Then  from  a  Cygwin  shell,  download
and  extract  the  WFDB  (Sassi,  in  press) sources  by  typing
‘‘curl’’  command.
This  will  create  a  directory  with  a  name  as  wfdb-10.m.n
(here  wfdb-10.5.24)  inside  our  working  directory.
STEP  2:  Replace  the  working  directory  with  the  directory
created  in  the  last  step  and  conﬁgure  the  package
Conﬁguration  can  be  done  by  using  the  ./conﬁgure  com-
mand.
STEP  3:  Compile  and  build  the  package
The  binaries  will  be  installed  in  /usr/bin.  These  are
attainable  from  c:\cygwin\usr\bin.
STEP  4:  Test  the  package
After  installation,  we  can  check  whether  WFDB  is  prop-
erly  installed  or  not  by  the  following  command:  $make
check
PhysioBank  information  is  recorded  in  a  variety  of  WFDB-
compatible  formats  that  can  be  perused  and  composed
utilizing  the  WFDB  library,  which  is  composed  in  C.  There
are  a few  methods  for  perusing  and  composing  WFDB-
compatible  ﬁles  from  MATLAB.
STEP  5:  Using  wfdb2mat
Wfdb2mat  application  is  a  component  of  the  WFDB  Soft-
ware  Package.  It  is  utilized  by  the  ATM’s  export  signals
as  .mat  tool,  but  can  also  run  manually  with  no  limita-
tion  on  segment  length.  Wfdb2mat  can  read  signal  ﬁles
directly  from  the  PhysioNet  server  if  they  have  not  been
downloaded  from  PhysioNet.
STEP  6:  Converting  signals  to  text  using  rdsamp
Open  a  cygwin  terminal  window  and  type  rdsamp.
rdsamp  application  is  used  to  convert  original  .dat  signals
into  .txt  format.
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https://www.physionet.org/physiotools.Figure  1  Synthetic  EMG  signals  from
Results and discussion
The  procedure  described  above  is  followed  to  extract  the
standard  simulated  signals  available  in  S002  dataset.  The
EMG  signal  saved  in  S00201d  (.dat  format)  is  converted  into
a  text  ﬁle  named  S00201d.txt.  The  text  ﬁle  in  MATLAB  is
read  by  typing  the  following  command.
Emgsig  =  textread  (‘S00201d.txt’,’’,  1000);
Plot(Emgsig(:,2))
After  execution  it  produces  a  raw  Electromyographic
signal  as  shown  in  Fig.  1.  The  synthetic  EMG  waveform  sim-
ulated  by  Hamilton-Wright  and  Stashuk  is  thus  converted
from  .dat  format  to  .txt/.mat  format  with  the  help  of
WFDB  (Waveform  Database)  Software  Package.  The  data
thus  extracted  is  now  available  for  clinical  interpretation.
Conclusion
The  features  of  real  EMG  signal  must  be  compared  with  sim-
ulated  EMG  signal  to  establish  the  muscle  morphology  and
activation  of  surrounding  muscle  tissue  for  disease  diagno-
sis.  Standard  EMG  signals  are  not  easily  accessible  therefore
needle  detected  EMG  model  introduced  by  Hamilton-Wright
and  Stashuk  is  implemented  on  MATLAB  using  WFDB  (Wave-
form  Database)  Software  Package.  The  standard  simulated
h
S dataset  (a)  S00201d  and  (b)  S00202d.
ignals  available  in  S002  dataset  (Hamilton-Wright  and
tashuk,  2005)  are  successfully  acquired  using  the  proposed
rocedure.  The  acquired  EMG  signal  can  now  be  used  for  sta-
istical  analysis.  It  is  concluded  that  the  proposed  technique
s  helpful  in  efﬁcient  muscle  characterization  and  clinical
iagnosis.
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